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1.0 
INTRODUCTION 

The purpose of a toxicity assessment is to evaluate the toxicity,and estimate the dose-response 
relationship for chemicals of concern This Toxicity Assessdiept Technical Memorandum No 

e proposed for use 
m the human health rlsk assessment to describe th tial chemicals of concern 

s 

ations of selecte i d s  of concern wdl 
, and those doses wdl be combmed with the be multiplied by chemical intakes to esti 

toxicity factors presented in this techni 
cancer risk and noncarcinogenic health 

(USEPA 1989) The detads an ted in Technical 
Memorandum No 9, Selection 

Noncarcinogenic res 
IS a dose of a chemi 

assume that carci 
cancer risk at a 

n (USDOE July 1993) 

cterlzed by a threshold value The threshold value 
effects are not expected to occur Above the 

anisms may not be effective EPA pollcy IS to 
s in some finite 

ity for chemicals (nonradioactive) are the reference dose 

a and 1993) An RfD can be considered a threshold dose that 

mica1 per unit body weight per day As long as the chronic dady 
intake of a chemical is less than the chronic reference dose, noncarcinogenic health effects are 
not expected to occur 

Slope factors are used to estimate the upper-bound probabllity of an individual developmg 
cancer as a result of exposure to a potential carcinogen Potential carcinogens according to 

(4u34-2454) (TM 10) (07/22/93 1@07.m) 1- 1 



EPA are gwen an EPA weight-of-evidence classification The weight of evidence system IS used 
as a means to describe the level of confidence in the data used to identify a chemical as a 
human carcmogen (USEPA 1989) 

A tomcity evaluation of radionuclides has certain fundamental,$fferences from nonradioactive 
chemicals Adverse effects of internal exposure to radionucWeGare related to the energy level 
and residence time in the body of radionuclides deposite+inr#arious body tissues Duration of 
exposure is determined by the residence time of the #dqn*de Adverse health effects of 
external exposure to radionuclides are deterrninedpyfhe and duration of the 
exposure (1 e ,  time spent at the exposure point) v”1’’9 

*p”%, 
. ” /  

EPA assumes that any dose of radiation hasfiy’potential to produce carcinogenic effects (no 
rcinogenic effects of radionuchdes 

because the impacts have been shown t pared to carcmogenic effects at 
USEPA 1989) The relationship 

d for high doses of most types of 
enbud 1987) Exposure to multiple 
dose by consideration of the target 

radiation dose to the human body IS of 
tban the individual contributions of radiation from 

radiation (1 e ,  alpha and beta pa 
radionuclides is often expressed 
organ effects of individual radion 
greater concern in a to 
radionuclides 

USEPA has deve nhalation and ingestion) and external slope factors 
for the carcino de exposure (USEPA 1992a and 1993) Although 

ide dose-response relationships than that used to develop the 
the BEIR V report and ICRP Publication No 60)’ it has not 
efore, the currently approved EPA slope factors (USEPA 

1992a5 wdl be used in theboxicity assessment section of the human health risk assessment for 
ou-2 **., 

’% 

I ’  

’which wdl be used in the OU-2 risk assessment were obtained from the 

0 EPA’s Integrated Risk Information System on-line database (USEPA 1993) 

0 EPA’s Health Effects Assessment Summary Tables (USEPA 1992a) 

(4634-261) (TM 10) (07/22/93 10 07m) 1-2 
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Section 2 0  of thls toxicity assessment technical memorandum discusses the basis of toncity 
factors Noncarcinogenic toxicity factors are addressed in Section 2 1, carcmogenic factors m 
Section 2 2, and radiation factors in Section 2 3 Section 3 0 presents the chemical-specfic 
toxicity factors which wffl be used in the risk assessment to estimate toxicity for the chemicals 
of concern in groundwater and in surface and subsurface so$at OU-2 Section 3 1 presents 
toxicity factors for mhalation and ingestion exposures Sectdni 2 discusses dermal exposure, 
including the use of oral toxicity factors for dermal exposug, $d presents the chemical-specfic 
dermal permeabllity constants which wffl be used in health rlsk assessment 
Section 4 0 provides the references used m this tec 

I +  

6 

i 



1 
2.0 

BACKGROUND 

The following sections discuss the basis for each of the three w e s  of toxicity factors proposed 
for use in the toxicity assessment of the OU-2 human health ri& assessment The three types 
of toxlcity factors represent noncarcinogenic health ed&s from exposure to chemicals, 
carcmogenic health effects from exposure to chemic&: q d  capogenic health effects from 
exposure to radionuclides 

\ 

/I- $ $  ""% 

k\d '%., %%\ 
"., ""., 

NONCARCINOGENIC TOXICITY F A ~ ~ S  FOR C H E M I C ~ S  2.1 
rT 

thought to have a threshold dose 
below which there are no observable advq cts In developing a toxicity value for 
noncarcinogenic effects, the approach use ntify this threshold dose, or no- 
observed-adverse-effect level (N ith experimental animals or from 
epidemiologd (human) stu ed as an experimentally (or 
epidemiologically) determined s no statistically or biologcally 

LOAEL, or lowest-observed- 
se of a substance that produces 
tical toxic effect The NOAEL 

appropriate uncertainty factors to calculate the 
either a statistically or 

or the LOAEL may 
cal (USEPA 1989) 

om experiments on laboratory 
historically have been relied upon by regulatory agencies 

1 exposures Although thls 
rehame kas been geneifilly supported by empirical observation, there are known interspecies 

ical abwrption, metabolism, excretion, and toxic responses There are also 
e relevance of animal studie\ using exposure routes (1 e ,  intravenous 

m the human exposure routes under consideration Additionally, the 
om short-term or subchronic animal studies to long-term exposures m 

human has inherent uncertainty (USEPA 1989) 

Despite the limitations of experimental animal data, such information is essential for chemical 
toxicity assessment, especially in the absence of human epidemiologml evidence The 
uncertainty factors used in the derivation of RfDs are intended to compensate for data 

(roW 244) (TM 10) (07/22/93 IOQlrm), 2- 1 
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hmitations The use of uncertamty factors is conservative by design and IS meant to result m 
protective RfD values (USEPA 1989) 

The EPA has developed various types of RfDs depending on the exposure route (mgestion or 
mhalation), the critical effect, and the length of exposurq being evaluated (chronic or 
subchronic) The EPA bases the RfD on the most sensit$egnimal species tested ( l e ,  the 
species that experiences adverse effects at the lowest s are typically calculated by 
dividing the NOAEL (or LOAEL) by uncertainty fact range from 10 to 1000 
EPA has developed a standard set of uncertainty r variations m the 
sensitivity of individuals within a popu from experimental 
animals to humans The RfD is expre ical per kdogram of 
body weight per day (mg/kg-day) for centrations (RfCs) 
expressed m mdigrams of chemical per CUI& ir (mg/m3) may be avadable to evaluate 
mhalation exposure A body weight of splration rate of 20 m3/day are used to 
convert the RfC to a dose (mg/kg-da logy for deriving RfDs is more fully 
described in the EPA's current human 

Y 

ent guidance (USEPA 1989) 

a dally exposure level for the human 
ts during a lifetime (70 years, accordmg 

o evaluate the potential 'noncarcinogenic hazards 
(7 years to a hfetime) Subchronic RfDs have 

carcinogenic hazards associated with short-term 
hronic exposure as periods ranging from 2 weeks to 

igher for many chemicals, generally by 
the shorter exposure duration 

population that is unlikely to result 
to EPA guidance) A chronic RfD 
associated with lon 

f concern for OU-2 

ed by potential carcinogens, it is the common practice of the EPA to 
t any exposure level is associated with a finite probabdity, however 

minute, of producing a carcinogenic response EPA assumes that a small number of molecular 
events can evoke changes in a single cell that can ledd to uncontrolled cellular proliferation 
T ~ I S  mechanlsm for carcinogenicity IS referred to as "non-threshold" since there is theoretically 
no level of exposure for such a substance that does not pose a small, though finite, probabhty 
of producing a carcinogenic response The EPA uses an evaluation process in which the 

(4034 m) (Th4 10) (U7/U/93 lCrO7am) 2-2 
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substance is assigned a weight-of-evidence classification The weight-of-evidence classification 
describes the degree of confidence likelihood, based on scientlfic evidence, that the substance 
is a human carcmogen Table 2-1 defines the current EPA weight-of-evidence classdication 
system A slope factor (SF) is then calculated that quantitatively defines the relationship 
between average lifetime dose and carcinogenic risk (USEPA 4989) 

Slope factors for most chemicals are usually based upoqAhdresults of animal studies The 
majority of our toxicologcal knowledge of chemical eriments on laboratory 
anmals Experimental animal data historically hav 
and other expert groups to assess the hazards o res Although thls 
reliance has been generally supported by emp own interspecies 

uncertainties concerning the relevance of a sing exposure routes (I e ,  intravenous 
injection) that differ from the human ex 

Despite the limitations of experi formation is essential for chemical 
toxicity assessment, especially i idemiologcal evidence There 1s 

uncertainty whether all animal 

chemical substances are known to 
as sensitive to all anim 
1s designed to prev 

$ 6 L  

nder consideration (USEPA 1989) 

rcmogens The EPA assumes that humans are 

rkkd and introduces the potential to overestimate 

high doses in experimental animals to responses expected 
uses a conservative mathematical model, the Imearned 

ose extrapolation The EPA further conservatively estimates the 

its of risk per mg/kg-day or (mg/kg-day)’, is used to convert the 
hemical, averaged over a lifetime, to an excess mcremental hfetime 

that an individual wdl develop cancer as a result of exposure to a potential carcinogen Thls 
model provides a conservative estimate of cancer risk at low doses, and is likely to overestmate 
the actual cancer risk The EPA acknowledges that actual slope factors are likely to be between 
zero and the estimate provided by the linearaed multistage model (USEPA 1989) 



I 
Group A 

Group B 

Group B1 

Group B2 

Group C 

Group D 

Group E 

- 

TABLE 2-1 
EPA CARCINOGENICITY WEIGHT-OF-EVIDENCE 

CLASSIFICATIONS 
s 

Human carcmogen (sufficient ewdence of carcinogenciity in humans) 

Probable human carcinogen 

Lmited ewdence of carcinogetllcity in humans 

Sufficient ewdence of carcionogekty in animals 
m humans 

Possible human carcinogen (limited evidence 
or lack of human data) 

Not classifiable as a human carci 

Ewdence of noncarcinogen for hum 

or lack of ewdence 

1 



The slope factors and weight-of-evidence classification for the chemicals of concern at OU-2 are 
presented in Section 3 0 

23 RADIATION TOXICITY FACTORS 

EPA provides guidance in the Health Effects Assessment Sy&@wy Tables (USEPA 1992) that 
hsts cancer slope factors for selected radionuclides of pbtgitial concern at Superfund sites 
These values were calculated by the Office of Radiatiop' and are intended for use 111 

human health risk assessments EPA classifies a Aprcinogens based 
on the extensive weight-of-evidence provided by e f radiation-mduced 
cancers in humans According to EPA, potentd LA radiation sites 
are usually based on the radiotoxicity, rathedtiyn chemical toxicity 

Radionuclides that enter the body may bbqo ically incorporated and emit alpha, beta 
or gamma radiation for the duration of the r time The potentral adverse effects 
of radiation are proportional e energy deposited 111 tlssues IS 

proportional to the decay rate f a  radionuclide, and not its mass 
(USEPA 1989) Radionuclide in terms of activity, either Curies or 
Becquerels (Bqs) rather than refers to the number of nuclear 

the Curie (Ci) that is equal to 3 7 
x 10" disintegrations Sxsteme Internationale) unit of activity is the Bq, 

gq = 2 7  x 10" CI) USEPA slope factors are 
(pCi or 1 x l ou  Ci) and Bq T ~ I S  technical 

%. 

9 ' /  

/ 

memorandum u 

lides are characterized as best estimates (median or 50th 
incidence (fatal and nonfatal) risk 
factors are based on the unique 
idual radionuclides They were 
el The model accounts for the 

bsorbed into the body, distribution and retention, as well as the age, 
lope factors for radionuclides are 

not expressed as a function of body weight or time, and do not require corrections for 
absorption or lung transfer efficiencies (USEPA 1992) 

Ingestion and inhalation slope factors estimate risk per unit of activity inhaled or ingested 
expressed as nsk/pCi External exposure slope factors are best estimates of risk for each year 

(4034 W) (TM 10) (07/22/93 lO-mam) 2-5 
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of exposure to external radiation from photon-emitting radionuclides distributed unlformly in 
a thick layer of soil, and are expressed as risk/yr per pCi/gram sod It should be noted that the 
dose delivered to tissues from external radiation occurs only whde the radiation field IS present 
However, the dose dehvered to body tissues due to internal radionuclides consumed m sod, 

water, and/or food continues long after intake of the radion lide has ceased 

Radionuclide concentrations in air, water or sod are ed by intake rates for internal 
exposure, or by exposure times for external exposur iplied by USEPA slope 
factors to estimate potential health risk Radionuc multiphed by a dose 
coefficient to estimate equivalent dose, which ca radiation protection 
standard Differe radiation (I e ,  alpha, 

an be calculated for 
the whole body when there is uniform ir 
selected tissues are irradiated non-u m (radiation equivalent man) 1s the 
conventional use of dose equivalent The g SI unit, the Sievert, 1s equal to 100 
rem Absorbed dose is the en diation per unit mass of absorbrng 
material (1 e ,  tissue) Ionlzing r se effects on biologrcal tissues when 
the radiation is absorbed In tiss 

/%b 

,I( 

The slope factors and 

(4034 264) (IM 10) (07/22/93 10-07am) 2-6 



I 3.0 
TOXICITY FACTORS 

I: 

T ~ I S  section presents the toxicity factors for noncarcinogenic apd carcinogenic chemical health 
effects and radlation health effects which are proposed for p e  M the tomcity assessment of the 
human health risk assessment for OU-2 It also includes aBa$ussion on the approach proposed 
for selectmg toxlcity factors for dermal exposure 

3.1 INHALATION AND ORAL TOXICITY 

Table 3-1 contains the toxici 
carcmogenic health effects (s 
factors for mhalation and ingestion expw 
of the toxlcity factors are EPA's 1992 Hea 
and the Integrated Risk Informat 
been withdrawn by EPA and is 
avadable, IS proposed for use i 
carcmogenic toxlcity factors is also 

Table 3-2 contam the rqnogenic health effects of radionuchdes of concern 
due to mhalation, idexposure EPA considers the critical effect of 
radionuclides to weight-of-evidence to be Class A, definite evidence 
of human carcin 

r a  

B 

6 2, 

, P 

nic health effects (RfDs) and for 
9 chemicals of concern at OU-2 Toxicity 
induded the table if avadable The sources 

ssessment Summary Tables (HEAST) 
hemicals where a toxicity factor has 
ethene) the 1991 HEAST value, d 
ight-of-evidence for chemicals with 

aluate the toxicity of chemicals absorbed through 
nated media This approach is acknowledged by 

1 toxicity factors relate the toxic response to an adminlstered (I e ,  
Is, only some of which may be absorbed by the body, whereas dermal 

Because of this, EPA (USEPA 1989) 
suggests adjusting the oral toxicity factors by chemical specific gastrointestmal absorption rates, 
rf avadable, to yield toxicity factors for dermaUy absorbed chemicals Smce chemical-spec& 
gastromtestinal absorption rates are not avadable for most chemicals, this approach has not 

an absorbed dose of chemicals 

3- 1 



h J F- 

TABLE 3.1' 
TOXICITY FACTORS 

Analyte 
1,1,1,2-tetrachloroethane 
1, 1 , 1 -tnchloroethane 
1,1,2,2-tetracMorotthane 
1,1,2-tnchlomthane 
1,14chlomethane 
1,l 4chloroethene 

1,2,4-tnchlorobenzene 
1,24bromo-3chloropropane 
1,24bromoethane 
1,24chlorobenzene 
1,2d1chloroethane 
1,24chlomthene 
1,24chloropmpane 
1,2dimethylbenzcne (o-xylene) 
1,34methylbenzene (m-xylene) 
1,44chlorobenzene 
2-butanone 

4-methyl-2-pentanone 
acenapthene 
acetone 
anthracene 
anbmony 
Aroclor-1254 

1 arSeNC 
banum 4 6  

benzo(a)anthracene 
benzo(a)pyrene 

1,2,3-tn~h10mpm~an~ 

4,4'-DDT 

,t 
benzene P ,i 

carbon tetrachlonde 
chlorobenzene 
chloroethane 
chloroform 
chloromethane 
chromium I11 
chrysene 
cis- 1,2dichloroethene 

oral Slope 
l/(mg/kg/day: 
2 6E-02 (1) 

2 00E-01 (1) 
5 70E-02 (1) 

6 OOE-01 (1) 

- 

- 
- 
- 

1 40E+OO (2) 
8 HIE+Ol (1) 

9 10E-02 (1) 
- 
- 
- - 
- 

2 40E-02 (2) 

3 40E-01 (1) 
- 

290E-03 (1) 
! - 

- 
- 

1 30E-01(1) - 
- 

6 10E-03 (1) 
1 30E-02 (2) 

5 80E-02 (4) - 

Oral Rm 
(mg/k@day) 
3 00E-02 (1) 
9 OOE-02 (2) 

4 OOE-03 (1) 
1 OOE-01 (3) 
9 OOE-03 (1) 
6 OOE-03 (1) 
1 OOE-02 (1) 

- 

- 
- 

9 OOE-02 (1) 

- 
- 

4 00Ei-00 (1) 
2 OOE-02 (1) 
2 OOE-02 (1) 
2 OOE-02 (1) 
2 OOE-01 (1) 
1 OE-03 (1) 

5 OOE-04 (1) 
7 OOE-04 (1) 
2 oOE-02 (1) 

1 00E-02 (1) 

1 OOE+OO (1) 

1 OOE-02 (2) 

- 
- 
- 

Inhalation Slope 
l/(mg/kg/day) 
2 60E-02 (1) 

2 00E-01 (1) 
5 70E-02 (1) 

- 

175+>l) 
- 9  

* 

"., 
9 10E-02 (1) - 

- - 
- 
- 

E-01 (1) 

7 -  - 
- - 

1 50E+O1(1) 

2 90E-02 (2) 

G 10E4-00 (2) 
- 
- 
.) 

- - 
- 

3 90E-03 (2) 

6 3OE+OO (1) 
G 30E+OO (1) 
5 25E-02 (1) 

- 

- 
- 

8 00E-02 (1) 
6 30E-03 (2) - 

- - 

Inhalabon RfD 
(mg/k@day) 

3 OOE-01 (2) 
- 
- 
- 

140E-01 (2) - 
- 

3 00E-03 (2) 
5 OOE-05 (1) 

E-02 (2) 
- 

- 
1 OOE-03 (1) - 

- 
2 OOE-1 (2) 
3 OE-01 (1) 

2 OOE-02 (2) 

- 
- 
- - 
- 

1 40E-04 (2) - - 
- 
- 
- - - - 
- 
- 
- 
- 

5 OOE-03 (3) 
3 00E+00 (1) - 

- 
- 

Weight of 
Evldence 

C - 
C 
C 
C 
C - - 

B2 
B2 

B2 
- 
- - 
.I 

- 
C 

B2 
- 
- 
- 
- 
- 
- 

B2 
A 

A 
B2 
B2 
B2 
B2 

B2 
B2 
B2 

B1 
B1 
B2 

.. 

- 

- 

- 
- 

B2 
C 

B2 
- 
- 
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TABLE 3-1 
TOXICITY FACTORS 

8- 

Analyte 
CIS- 1,3dichloropmpene 
cumene 
wmde 
di-n-butylphthalate 
dl-n-octylphthalate 
&bromomethane 
&chloduommethane 
&ethyl phthalate 
ethylbenzene 
fluoranthene 
fluorene 
heptachlor epoxlde 
hexachlorobutadiene 
hexachloroethane 
indene( 1,2,3cd)ppne 
manganese 
mercury 
methylene chlonde 
molybdenum 
N-ni-pheny lamine 
naphthalene 
o-chlorotoluene 

pentachlorophenol 
wrene 
silver 
styrene 
tetrachloroethene 
thallium 
toluene 
trans- 1,2-d1chloroethene 

P-xylene 

tnchloroethene 

f 4 

oral Slope 
l/(mglkglday) - - - - 

- - - - - - 
- 

9 lOE+00 (1) 
7 80E-02 (1) 
1 40E-02 (1) 
5 8OE-01 (4) - - 
7 50E-03 (1) 

4 9OE-0 
- 
- 
- - 

120E-01(1) 

Oral m 
(mglkglby) 

3 OOE-04 (1)* 
4 00E-02 (1) 
2 00E-02 (1) 
1 OOE+Ol(l) 
2 OOE-02 (2) 
1 OOE-02 (3) 
2 00E-01 (1) 
800E-01 (1) 
1 00E-01 (1) 
4 00E-02 (1) 
4 00E-02 (1) 
1 30E-05 (+I)\ 

- f@ /k 

2 00E-01 (1) 
2 OOE-02 (1) 

jY> 

sources 4'*x 

l=IRIS 
2 = HEAST 1992 
3 = HEAST 1991 
4 = EPA Repon IV Guidan 
* Values are for 1,3dichloropropene No data for individual isomer 
- Not classifiable or not carcinogenic or No to\iaty value available 

Inhalation Slope 
l/(mglkg/day) - 

- 
1 80E-03 (3) 

- 
5 95E-03 (3) 
3 OOE-01 (I )  

Inhalatron RfD 

5 00E-03 (1)* 
3 OOE-03 (2) 

(m&gl&Y) 

- 
- - - 

5 OOE-02 (3) 

3 OOE-01(1) 
- 
- 

z - 
\&." - - 

- 
1 10E-04 (1) 
9 OE-05 (2) 
9 OE-01 (2) - - 

- 
- 
- 
- 
- - 

3 00E-01 (1) - 
.. 

1 10E-01(1) - 
- 

Sheet 2 of 2 



TABLE 3-2 
TOXICITY FACTORS 

FOR RADIONUCLIDES 

Inhalabon Slope External Slope Weight of 
Oral Slope Factor Factor Factor Ewdence 

Analyte (Rtswpc1) (Rtww (RtsWyr/Pcdg) 
241 Amencium 2 4E-10 3 2E-08 .,4 9E -09 A 
134 Cesium 
137 Cesium* 
238 Plutomum 
239 Plutomum 

226 Ra&um* 
228 Ra&um* 
Stronbum 89 
Strontium 90 
TntlUm 

Source Heast 1992 

240 PlUtONUm 

4 1E-11 
2 8E-11 
2 2E-10 
2 3E-10 
2 3E-10 
12E-10 
1 OE-10 
3 OE-12 
3 3E-11 
5 4E-14 

2 8E-11 $F 92E-06 
19E-11 ,LL .6OE+OO 

4 7E-10 

0 OE+OO 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A - 

4 
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been adopted m this toxicity assessment If dermal absorption of particular chemicals IS 

demonstrated to be a potential significant contributor to overall risk in the risk assessment, a 
more detalled analysis of the toxicity factors may be warranted 

3 3  

Dermal permeabdity constants for organic chemical in ajqueous solution are used to estmate 
the amount of chemical absorbed from surface water ogs t may be contaminated by 
migration of chemicals of concern from groundwat 

Dermal permeabhty constants for aqueous sol@ic$s are 's Dermal Exposure 
Assessment guidance (January 1992) and arpr$posed for use in the risk assessment (USEPA 

(1 e ,  metals and radionuclides) m 
nts wffl be evaluated quahtatively m 

DERMAL PERMEABILITY CONSTANTS AND ABSQ-RPTION FACTORS 

d 

i 

the risk assessment 

Table 3-3 contains the dermal sed for aqueous solutions of organic 
and sediments No 
hemicals of Concern 

Technical Memorandu 

The Chemicals of MeMandurn states that the dermal absorbed fraction 
wffl be assumed to be 10 percent The following 

e factor equation for dermal absorption 1s the estunated 
hered to sod particles that partitions to and 1s absorbed 

g, organic carbon content of sod, 
ies used m the experiment, and 

conducted in vitro or in vivo For purposes of this rlsk assessment, 
f absorption rate for organic compounds adhered to sod particles 1s 

imental results using B(a)P m 
acetone or in crude od, and adjusting the absorption rates for shorter exposure duration and 
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TABLE3-3 
DERMAL PERMEABILITY CONSTANTS FOR 
GROUNDWATER CHEMICALS OF CONCERN 

Chemical Kp (cm/hr) 

1,2dibromoethane - 
1,l dichlorethene 160E-02 
as-l,2&chlor&ene 
carbon tetrachlonde 
chloroform 
methylene chlonde 
tetrachloroethene 

Source 
Permeability constants taken from 

- not available 
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the observed retarding effect of the sod medium’ The experimental results are summarlzed 
in Table 3-4, Percent Dermal Absorption of Neat Benzo(a)pyrene at 24 hours Absorption rates 
range from 3 to 51 percent at 24 hours The arithmetic mean absorption rate IS 17 percent, and 
the 95 percent UCL on the mean rate is 26 percent To adjust these experimental rates to 
account for site-specific exposure conditions, it is assumed th he exposed individual showers 
within 12 hours of exposure, and that absorptio that of the pure 
compound (Yang et a1 1989, Wester et a1 1990) absorption rates of 
heat B(a)P are adjusted by a factor of 0 5  for a 12-h for the sod matrm 
effect Resulting absorption rates are 

.& -* 
P 26 x 0 5  x 0 2  = 2 6  percent 

It should be noted that B(a)P 
be absorbed at a higher rate than a nu 
use of dermal absorption vdlues obtain 
result in a conservative (I e ,  hig 
Therefore, the dermal absorpt 
conservative estimate of a 

f the PAHs, and therefore it may 
rganic chemicals of concern Also, the 

tal animal studier wdl almost always 
rbed dose in humans (EPA 1992b) 
(10 percent) is concluded to be a 

dermal absorption of organic 

compounds from sod Q d  
% 

> 

In rercnt guidance on dermal exposure assessments (EPA 1W), EPA has declined to recommend an absorption rate for B(a)P 
IS soil because of the vanability in expenmental conditions and results and the difficulty in extrapolating from high soil loading 
(e g , tens of mg/cmz) under expenmental conditions to lower loading (e g., 1 mg/cmz) typical of human exposures (EPA 1992a) 
(B(a)P at concentrations of 1 and 10 mg/hg and soil loadings of 40 to 56 mg/cm, expenmental results for pemnt absorbed at 
24 hours ranges from 1 pemnt [Yang et el 19891 to 13 percent [Wester et al 19901) 

(4034 264) (TM 10) (07/22/93 10 07.m) 3-7 
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TABLE 3-4 
PERCENT DERMAL ABSORPTION OF 

BENZO(a)PYRENE AT 24 HOURS 

Yo BIP Absorbed 
Source( 1) at 24 hour Preparation %, Vehicle Dose 

ia, 

Yangeetal 1986 6 Rat in vivo dA&&e 
17 Rat in wtro Aetone 

Yangetal 1989 6 Rat in vivo 
12 Rat in vitro 

Kaoetal 1984 24 Mouse in vitro 
Kao et a1 1985 
Kaoetal 1988 
Wester 1990 

9-10 u~/CW"' 
9-10 ug/cmA2 
90 ug/cmA2 
90 ugfcmA2 
1 ug/cmA2 
2 ug/cmA2 
2 5 UglcmA2 
10 ppm 
10 ppm 

Average % absorbed 

Kao et al 1984 Toxicology and Applied Pha 

Kao et a1 1986 Toxicology and Applied P 

Yangetal 1989 Bulle X ~ C O ~ O ~ Y  43 207-214 
Wester et a1 1990 Fu 

Dermal Exposure Assessment Pnnciples 
ed in this table include those conducted 

in pmously frozen ti 

al 1985, as cited in EPA 1992 Dermal Exposure Assessment 
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